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It has been reported that there are consistent sequential
patterns of spikes after the transitions to the up state
during slow wave sleep[1]. The up states may be charac-
terized by critical dynamics[2] for which the avalanche
sizes distribution is scale-invariant[3]. In order to under-
stand the mechanism of the sequential patterns, it may
thus be necessary to study the fine structure of ava-
lanche transmission between multiple neuronal ensem-
bles at criticality. We have developed an analytical

model of avalanche dynamics in modular networks. The
univariate distribution of avalanche sizes[4] can be
extended to a joint probability distribution Pw({Lu}u∈S)
describing the probability that Lu neurons are active in
each sub-network u during avalanches that start from
the sub-network w with u ∈ S = {1, ...,M} and M the
number of sub-networks. The mean temporal profile[3]
< lu(t) > of the avalanches in each sub-network u can
then be detailed (see Figure 1 (A1) and (B1)) and are
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Figure 1 (A1) The average number of neurons< lu(t) > spiking at the time-step t in the sub-networks u = 1, 2, and 3 are shown red, blue,
and green, respectively, for avalanches of duration τ = 15 starting from the sub-network 1. (B1) The same as (A1) for the mean spiking time

< tu
s >. (A2) Cumulated temporal profiles < l(t, τ ) >=

∑

u∈S
< lu(t) > for avalanches of durations τ ∈ T = {20, 23, 26, 29, 32, 35, 38}.

(B2) The same as (B1) for avalanches of durations τ ∈ T . (A3) and (B3) are the same as (A2) and (B2), respectively, after rescaling the axes
(β = 1).

Leleu and Aihara BMC Neuroscience 2014, 15(Suppl 1):P225
http://www.biomedcentral.com/1471-2202/15/S1/P225

© 2014 Leleu and Aihara; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

mailto:timothee@sat.t.u-tokyo.ac.jp
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


reminiscent of the temporal patterns observed experi-
mentally. The sequential patterns depend on the average
connection strengths between the sub-networks. At cri-
ticality, the cumulated temporal profiles can be collapsed
using standard rescaling of the axes and yield a single
universal scaling function[3] (see Figure 1 (A2) and (A3)).
After rescaling, the mean spiking times < tsu > in each
sub-network are functions of the durations of the ava-
lanches. In Figure 1 (B3), the intervals between successive
mean spiking times< tsu+1 > − < tsu > are proportionally
shorter for longer avalanches near criticality.
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